Objective: To observe the behavior of the plotted vectors on the RXc (R -resistance -and Xc -reactance corrected for body height/length) graph through bioelectrical impedance analysis (BIVA) and phase angle (PA) values in stable premature infants, considering the hypothesis that preterm infants present vector behavior on BIVA suggestive of less total body water and soft tissues, compared to reference data for term infants.
Introduction
Bioelectrical impedance analysis (BIA) is a method used for body composition analysis based on the measurement of electrical ionic conduction of soft tissue (body fluids), assuming that fatty and bone tissues are poor electric conductors. 1 BIA presents two bioelectrical parameters: body resistance (R) and reactance (Xc), which, alone, do not allow to directly assess total body water (TBW) and extracellular water (ECW). In such cases, conventional BIA equations 2 are used, which presuppose constant density and hydration of fat-free mass (FFM) and are applicable only in specific populations for which they were developed. 3 Changes in newborn (NB) body weight are difficult to interpret, because they may represent abnormalities both in adipose tissue or in its hydration. 4 Thus, one cannot consider the constant hydration of FFM, and the conventional method of BIA is deemed inappropriate. 5 As in the first 28 days, body water turnover in infants is very large, they become susceptible to hydro-electrolytic
Bioelectrical impedance vector analysis (BIVA)
in stable preterm newborns imbalance. In this sense, knowing the detailed body composition during the late postnatal period may be important for nutritional care and treatment. 6, 7 Considering the need to overcome the limits imposed by conventional BIA and to use the gold standards for Phase angle (PA) is important in the assessment of severity and prognosis, once it reflects different electrical properties of tissues that are affected by diseases, nutritional status, and hydration. 9 It is derived mathematically from an arc tangent ratio between Xc and R (Xc/R). 2, 10 PA reflects changes in electric conductivity of the body, indicating changes in cell membrane integrity as well as in intercellular space. 10 Studies suggest that the PA values, obtained by BIA, are related to the prognosis (morbidity and mortality) of the patient. 11 The evaluation of PA may be superior to other nutritional, anthropometric and serum indicators. 12 We hypothesize that preterm NBs present vector behavior in BIVA suggestive of less water and soft tissues compared to the reference for term NBs. Therefore, the aim of this study was to observe the behavior of the vectors of preterm NBs plotted on the RXc (R/H and Xc/H) graphs related to the neonatal period 4, 13 and the values of PA.
Methods
It is a cross-sectional study performed in the intermediate to plot the data on the RXc plan: healthy NBs younger than 7 days (< 7d) 4 and NBs older than or equal to 7 days of life (≥ 7d). 13 PA was obtained through the arc tangent ratio Xc/R. To transform the result from radians to degrees (°), the result obtained was multiplied by 180°/π. 17 The variables studied were presented as mean and standard deviation. The r (Pearson) linear correlation coefficient between the R/H and Xc/H variables was calculated. The vectors were analyzed by the T-Square
Hotelling tests and univariate analysis (F test). Tolerance interval of 95% and significance level of 5% were used for all the analysis. 
Results
The study included 108 preterm NBs, grouped according to age at the time of the study, in order to further comparative analysis with populations described in literature.
The general characteristics of NBs at birth, such as anthropometric data, GA and GA adequacy; as well as data concerning their diet at the time of the study, are presented in Table 1 . There are differences in data on weight and length because the groups present different clinical situations and gestational lengths. Data on diet show that there is prevalence of exclusive breastfeeding in the group < 7d, while in the ≥ 7d group continued breastfeeding predominates. and ≥ 7d) compared to the studies of Piccoli et al. 4 and of Margutti et al. 13 At the moment of BIA evaluation, the NBs < are apparently higher in the present study, compared to the studies of Piccoli et al. 4 and of Margutti et al. 13 Data on PA in NBs < 7d are similar to those found by Piccoli et al. 4 Although one cannot say the same in relation to the values of Margutti et al., 13 there is a great variability in the values of premature infants ≥ 7d (Table 2 ). 
Discussion
The present study included clinically stable preterm NBs of both genders. BIVA was used in order to verify the state of hydration and nutritional status, without making any assumptions about body composition values.
Mean values of R/H and Xc/H (Ω/m) were higher, in
absolute terms, when compared to the studies of Piccoli et al. 4 and of Margutti et al. 13 Studies of body composition in NBs led by Pludowsky et al. 18 and Ahmad et al. 19 demonstrated that preterm NBs Table 2 Characteristics of infants younger than 7 days in the present study and comparison with data obtained in the literature for the same age group (Piccoli et al. 4 ) and infants older or equal to 7 days in the present study and comparison to the data obtained in literature for the same age group (Margutti et al. 13 ); data are expressed as mean ± standard deviation
Newborns younger than 7 days
Newborns older than or equal to 7 days P resent study Piccoli et al. 4 Present study Margutti et al. 13 Neonates ( 4 -healthy newborns (younger than 7 days); B) present study -preterm newborns (younger than 7 days); C) Margutti et al. 13 -healthy newborns (older or equal to 7 days); D) present study -preterm newborns (older or equal to 7 days) may demonstrate the normalization of the vectors; this should be analyzed in future studies.
It is important to highlight that the majority of preterm
NBs is above the tolerance intervals of 95% existing in the literature for term NBs.
Given the above, specific curves can be created for the population of preterm NBs, since they behave differently from term NBs. Notwithstanding, it should also be stressed that prematurity is a situation of abnormality.
As a limitation of the study, it should be emphasized that the infants studied presented a great difference in GA at birth when compared to the term infants from the reference studies (Piccoli et al. 4 and Margutti et al. 13 ). Thus, it is probably correct to say that there is a great difference in the amount of water between the infants in the reference studies and the infants in this study.
